AND J. J. STOCK. Oxidative metabolism of dermatophytes. Appl. Microbiol. 14: 973-978. 1966.-A method for preparing young, actively respiring dermatophyte myceha was obtained through the use of concentrated spore inocula and short growth periods in static culture. These hyphal elements were uniform in appearance, and vacuoles were absent. Concentrated mycelial suspensions were obtained which could be transferred easily and accurately. Glucose stimulated oxygen uptake in young mycelia which had been grown in a medium with low carbohydrate content. The level of endogenous respiration was affected by exogenous glucose only when this substrate stimulated oxygen uptake by less than 14%. Low nicotinamide adenine dinucleotide phosphate (NADP) dehydrogenase activity was noted in microconidia which have a low endogenous Qo2 value, whereas the activity of this enzyme was greater in macroconidia and mycelia which possess higher endogenous Qo2 values. Microsporum gypseum oxidizes 50% of exogenous glucose and assimilates the remainder. A large percentage of this substrate was assimilated into nitrogenous substances.
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Very little is known concerning the metabolism of dermatophytes. The high rate of endogenous respiration in these organisms makes interpretation of respiratory experiments difficult, and the diversity of methods used in growing and preparing cells makes correlation of results difficult. Previous respiratory studies also have been hampered by handling difficulties and the inability to obtain preparations providing accurate quantitative results.
Attempts have been made to reduce endogenous reserves by starvation. Some investigators have reported satisfactory results (4, 9, 16, 19) , whereas others (1, 10) have found that starvation reduces both exogenous and endogenous respiration. As an alternative, Cochrane (8) suggested that emphasis should be placed on selection of a medium that will not permit accumulation of endogenous reserves.
Nickerson and Chadwick (14) used mycelia scraped from the surface of agar medium for dermatophyte respiratory studies. Evenly dispersed cellular suspensions for quantitative analysis were difficult to obtain with this approach, and unknown amounts of media could be carried over. These problems were partially 'Present address: Department of Microbiology, University of Illinois, Urbana. overcome by Melton (12) , who grew dermatophytes in submerged shake culture.
Knowledge of dermatophyte respiration has come principally from studies of individual enzymes (1, 5, 7) , and from inferred evidence obtained by studies with respiratory inhibitors (6, 12, 14) . L-Amino acid oxidase has been found in cell-free extracts of Microsporum canis, Trichophyton mentagrophytes, and T. rubrum (1). Jensen et al. (11) demonstrated that T. mentagrophytes possesses many of the enzymes responsible for execution of the Embden-Meyerhoff pathway, hexose monophosphate shunt, and tricarboxylic acid cycle. Similar enzymes have been demonstrated in M. canis (7) .
Blumenthal (2, 3) investigated the problem of endogenous reserves in Penicillium chrysogenum and Neurospora crassa, and found the response of endogenous metabolism to the concomitant metabolism of an exogenous substrate to be a complex phenomenon influenced by age of cells, various environmental conditions, and substrate. Neither glucose nor acetate suppressed the endogenous respiration of P. chrysogenum grown in glucose medium. However, when this organism was grown in acetate medium, acetate, but not glucose, suppressed endogenous respiration. There are no reports on endogenous metabolism of dermatophytes. 15 min at 121 C.
Preparation of inocula. A 3-ml amount of sterile medium was added to 7-day-old slant cultures of M. quinckeanum or M. gypseum and the spores were dislodged. The spore suspension was spread evenly over the surface of Sabouraud glucose agar in Roux flasks. Incubation was carried out at 25 C for 7 days (M. quinckeanum) or 5 days (M. gypseum), and spores were then dislodged by rolling 3.0-mm glass beads across the mycelial mat. The spores were collected in sterile phosphate buffer (0.066 M, pH 7.0), and hyphal fragments were removed by straining the suspensions through sterile glass wool. The suspensions then were diluted as necessary to an absorbance of 7.4 at 610 mi.
Cultivation of organisms. Each medium used was dispensed in volumes that were 20% of the total flask capacity. Flasks were inoculated with a spore suspension (absorbance 7.4 at 610 m,u), at the ratio of 1 ml of spores per 100 ml of medium. Except where specified, the organisms were incubated as static cultures at 25 C.
Harvesting of mycelia. Mycelia were collected by suction filtration on Whatman no. 42 filter paper in a Buchner funnel and were washed free from medium with excessive amounts of 0.066 M phosphate buffer (pH 7.0). The washed mycelial mat was lifted from the filter paper and suspended in the desired amount of buffer.
Oxygen-uptake studies. M. quinckeanum was inoculated into yeast extract medium and harvested after 72 hr of incubation. Well-washed hyphal elements were suspended in 0.066 M phosphate buffer (pH 7.0). Enough buffer was added to make the final concentration of mycelia approximately 5 mg (dry weight) per ml. Warburg experiments were set up in duplicate, and oxygen uptake was measured at 25 C by use of the direct method outlined by Umbreit (17) . The length of an experiment was determined by the respiratory activity of the mycelial preparation.
Preparation of cells for oxidative assimilation studies. M. gypseum cultures (30 hr old) were aseptically harvested by suction filtration. The mycelia were washed with 0.066 M phosphate buffer (pH 7.0), and were harvested by centrifugation. Respirometer studies were carried out with 3.5 ,uc of uniformly labeled D-glucose-C14 (International Chemical and Nuclear Corp., City of Industry, Calif.) per Warburg flask.
Analysis of Warburg flask contents. After completion of the microrespirometric experiment, the Warburg flasks containing C14 were cooled immediately to 4 C. The filter paper from the center well of the Warburg flask was placed in a 5-ml volumetric flask. The center well then was rinsed three times with distilled water; the rinsings were added to the volumetric flask, and the volume was brought to 5.0 ml with distilled water. This was termed the C402 fraction. A 2.6-ml amount of cell suspension was removed from each Warburg flask and centrifugecd at 1,600 X g; the supernatant fluid was then removed. The mycelial suspension was washed with two 1.0-ml portions of 0.066 M phosphate buffer (pH 7.0). These washings were combined with the original supernatant fluids and frozen at -20 C until analyzed. This material was termed the supernatant fraction.
Mycelia were fractionated by a modification of the procedure by Roberts (15) . To prevent aggregation of hyphal elements, mycelia were fragmented by grinding with Superbrite beads in an extraction vessel. The mycelial residue was washed twice with phosphate buffer after each extraction.
Radioactivity of duplicate samples was measured by use of an automatic planchet sampler (NuclearChicago Corp., Des Plaines, Ill.) equipped with a geiger counter having an ultrathin window. Counts were recorded on a Ratemeter (Nuclear-Chicago Corp.; model 181A) and printed by a Printing Timer (Nuclear-Chicago Corp.; model C-111B).
Chromatographic and electrophoretic analysis of C14. The supernatant fraction was analyzed electrophoretically for carbohydrate content in 0.1 M ammonium carbonate buffer (Analar) at 850 v for 1.5 hr, and was assayed for radioactivity on an Actigraph (NuclearChicago Corp.; model 1036). Counts were recorded on a Ratemeter (Nuclear-Chicago Corp.; model 1620B). A simultaneous graphic recording was made on a Graphic Recorder (Nuclear-Chicago Corp.; model R100).
REsuLTS
Preparation of mycelia. One of the objectives of this investigation was to use a mycelial preparation which possessed maximal respiratory activity. Since electron micrographs (18) on August 26, 2017 by guest http://aem.asm.org/ Downloaded from uptake in the presence of glucose. Spore inocula were superior to mycelial homogenates, in that they were easier to prepare and, as there was no residue of old hyphal elements, a more uniform preparation was obtained.
The low rate of dermatophyte respiration (12, 14) made it necessary to use large quantities of mycelia. High yields were obtained when a minimum of 8 x 108 spores was used to inoculate 100 ml of medium. Length of incubation in static culture at 25 C was dependent upon the organism used.
After 48 hr, approximately 75% of M. quinckeanum microconidia had germinated. After resuspension of growth, cultures appeared turbid and resembled a bacterial culture. After 72 hr of incubation, spore germination appeared to be complete. Hyphal elements at this time were an average of 16 cells long. These hyphal elements were uniform in appearance and did not possess vacuoles, which are characteristic of old hyphae. Concentrated mycelial suspensions obtained from 72-hr-old cultures could be transferred easily and accurately. M. gypseum reached this stage of growth after 36 hr of incubation.
In mycelial respiration experiments, optimal results were obtained when there was approximately 5 mg (dry weight) of mycelia per ml. This concentration of hyphal elements provided a cell suspension which could be easily pipetted and which also possessed sufficient respiratory activity for accurate manometric measurements.
Influence of medium and age of mycelia. M. quinckeanum was grown in Sabouraud medium, modified Sabouraud medium, and yeast extract medium to determine whether the type and concentration of nutrients influenced the per cent differences between Qo, endogenous and QO, exogenous respiratory activity. Mycelia were harvested after 72 hr of incubation at 25 C. There was no detectable oxidation of glucose by mycelia grown in Sabouraud medium containing 4% glucose (Fig. 1) .
In the presence of 1 % glucose, mycelia from yeast extract and modified Sabouraud medium increased oxygen uptake by 29 and 24%, respectively ( Fig. 1 and 2 ). These results show that reduction in carbohydrate content of the media from 4 to 1% yields endogenous levels which provide better separation from exogenous values.
The effect of age of mycelia upon 02 uptake is shown in Fig. 3 and 4 . Glucose stimulated oxygen uptake 27% in 72-hr-old cells (Fig. 3) . Cells 33 hr old (Fig. 3) and 96 hr old (Fig. 4) were stimulated by 11 %. Oxidation was suppressed by glucose in 120-hr-old cells (Fig. 4) on August 26, 2017 by guest http://aem.asm.org/ Downloaded from endogenous respiration was not affected by added glucose. These results were obtained repeatedly, and it was observed that, when exogenous-endogenous oxygen differences dropped below 14%, there was a suppression of endogenous respiration. Degree of suppression was dependent on the 02 uptake difference. Spores of M. quinckeanum, preincubated in yeast extract medium, had a low level of endogenous respiration which was concomitant with a low level of endogenous NADP reduction, whereas 4-day-old mycelia of M. quinckeanum had both high endogenous NADP reductase activity as well as high endogenous 02 uptake.
Oxidative assimilation. M. gypseum assimilated 47% of the added glucose (Table 1) . Of the 47%G assimilated, 75 % was associated with macromolecular cell constituents. The remaining 25% was probably glucose and metabolic intermediates, as it was soluble in cold trichloroacetic acid. Over 50% of the assimilated glucose was soluble in hot trichloroacetic acid and hot NaOH.
The residue was predominantly of anthrone-positive material, and probably represents insoluble cell walls.
Electrophoresis of the supernatant fraction (Table 1 ) revealed a single radioactive spot which had the same mobility as glucose. It was assumed that the C14 in the supernatant fluid was unreacted glucose. Therefore, this value was not included in determinations of the percentage distribution.
DISCUSSION
Techniques have been developed which provide dermatophyte mycelial preparations suitable for microrespirometric studies. Young mycelium grown from massive spore inocula in media of low carbohydrate concentration produced a cell suspension which could be easily and accurately transferred, respired actively, and showed increased 02 uptake in the presence of exogenous glucose. Increase of 0? uptake was greatest when mycelia had grown to approximately 16 septal units. These young, short hyphal elements did not possess extensive vacuolation and reduced numbers of mitochondria characteristic of the distal ends of older regions of hyphae. As a result, these mycelial preparations would be expected to be more homogenous physiologically. The time required to reach this stage of growth was different for the two organisms studied. M. quinckeanum required 72 hr, whereas M. gypseum required only 36 hr of incubation. However, similarities in microscopic morphology and ability to oxidize glucose suggest that differences possibly result from a variation in rates of germination and growth.
The studies reported here demonstrate the complexity of endogenous metabolism in dermatophytes. Blumenthal reported that suppression of endogenous metabolism is age-dependent (2) . The results reported here also suggest that it is dependent on respiratory activity. Using young cells, in which oxygen uptake was not stimulated by glucose, we observed an 18% suppression of endogenous oxidation. In older cells, in which oxygen uptake was stimulated by glucose, there was no suppression of endogenous oxidation. It is interesting to note that, whether or not glucose increases oxygen uptake, approximately 50% of the glucose is always oxidized.
In a general discussion of mold respiration, Cochrane (8) suggested that endogenous respiration would be suppressed if exogenous substrate competed for a reaction site saturated by endogenous substrate. If the reaction in question occurred before any oxidative reaction, the result would be the simultaneous oxidation of both exogenous and endogenous substrates without an increase in oxygen uptake. Considering this, one may assume that, when glucose does not stimulate oxygen uptake, there is competition between exogenous and endogenous substrates at the site of saturation. If oxygen uptake is increased, to 14% or more, endogenous substrate would not saturate any oxidative systems required by glucose and thus there would be no competition. When oxygen uptake differences drop below 14%, there may be a partial saturation of a shared system, which may result in varying degrees of competition. Alternately, there would be a suppression of endogenous respiration if the glycolytic pathways were altered to favor the oxidation of glucose rather than endogenous substrates.
Assimilation of added glucose by M. gypseum was found to be 47%. It was of interest to note that this was considerably lower than the 83 and 74% reported by others for P. chrysogenium (3) and Nocardia corralina (13) . Of the glucose assimilated, 50% was soluble in hot trichloroacetic acid and hot NaOH. Since these fractions contain the majority of the cell's nitrogenous compounds, a supply of ammonia must have been readily available. Exogenous ammonia was not provided, indicating that there had been endogenous breakdown of a nitrogen-containing compound. The 
